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The atmospheric pressure ionization (API) source for a commercial mass spectrometer was
modified to operate as a dual source in both the electrospray ionization (ESI) and atmospheric
pressure chemical ionization (APCI) techniques by simultaneously utilizing the electrospray
probe and the corona discharge needle. A switching box was designed to operate in either
manual or programmable modes to permit rapid switching between ionization techniques
without changing sources, probes, or breaking vacuum. The source can be operated using the
following ionization techniques: ESI only, APCI only, ESI/APCI simultaneously, and ESI/
APCI alternatingly. The optimum operating conditions for these ionization techniques were
similar to the manufacturer’s original specifications except that the APCI flow rate was lower
(;50 mL/min versus 1000 mL/min) and externally heated nebulizing gas was found to be
desirable. A four-component mixture, introduced by flow injection, was used to demonstrate
the versatility of the dual ESI/APCI source. (J Am Soc Mass Spectrom 1998, 9,
1196–1203) © 1998 American Society for Mass Spectrometry
Pharmaceuticals and intermediates prepared byorganic chemists, natural product chemists, andcombinatorial chemists in the pharmaceutical in-
dustry are often characterized by electrospray ioniza-
tion (ESI) mass spectrometry [1] using flow injection
analysis. At our facility about 90% of these materials are
highly polar and are successfully ionized by ESI. These
substances generally have high proton affinities, ex-
changeable hydrogen atoms, and preformed charges,
and generally contain amines and carboxylic acid moi-
eties. However, about 10% of them are weakly polar
materials that do not generate good-quality ESI mass
spectra. These substances generally contain the ele-
ments C, H, and O, have low proton affinities, and no
labile hydrogen atoms. Ionization techniques such as
atmospheric pressure chemical ionization (APCI) [2–4],
chemical ionization (CI), and electron impact (EI) are
used to characterize such molecules. However, it is
often inconvenient to change an existing ESI system to
the alternative ionization techniques and/or the addi-
tional instrumentation, with the alternative ionization
techniques, is unavailable. Under these circumstances,
it would be highly desirable to efficiently produce
high-quality ESI spectra and/or APCI spectra for these
weakly polar materials from the same instrument with-
out changing ion sources, probes, or breaking vacuum.
Initial attempts by ESI to produce molecular ion
adducts of the weakly polar compounds with a variety
of modifiers were unsuccessful [5]. Modifiers useful for
the formation of parent ion adducts were evaluated in
both the positive and negative ion ESI modes. In the
positive ion ESI mode, besides not forming proton
adduct molecular ions with formic and acetic acids or
ammonium adducts with ammonium hydroxide, no
metal ion adduct molecular ions were formed with
lithium acetate, sodium iodide, potassium iodide, and
cesium acetate, and no silver adduct ions with olefinic
bonds were produced with silver acetate. In the nega-
tive ion ESI mode, no (M-H)12 ions were formed with
ammonium hydroxide and triethyl amine and no anion
adduct molecular ions were formed with sulfuric acid,
sulfate (H2SO4), trifluoroacetate (CF3CO2H), acetates
(LiAc, CsAc), or iodides (NaI, KI).
The development of a dual ESI/APCI source pro-
vided the solution for analyzing both highly polar and
weakly polar compounds. Several unique features com-
prise the dual ESI/APCI source. It is housed and
operational in one unit without requiring setup
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changes. It utilizes simultaneously an ESI probe and
APCI corona discharge needle and operates at low flow
rates, generally ;50 mL/min. Solvent vaporization is
achieved by heating the nebulizing gas and/or by
elevating the source temperature. Besides ESI only and
APCI only techniques of operation, the system can also
operate in the mixed ESI/APCI mode, where ESI and
APCI techniques are operating simultaneously, and
ESI/APCI alternatingly, where alternating scans are ESI
and APCI. The details for assembling the hardware for
the source from commercial vendors and the optimiza-
tion and evaluation of the source are described below.
Electrospray is a desorption ionization process that
uses electrical fields to generate charged droplets and
subsequent analyte ions by ion evaporation (ioniza-
tion), often where the droplet is formed by pneumatic
nebulization. Some commercial ESI systems generally
operate at high flow rate ranges (1–1000 mL/min) [6].
APCI is a gas-phase ionization process initiated by a
discharge that is sustained by the analyte and carrier
solvent in the vapor phase at atmospheric pressure.
Effectively no fragmentation of the analyte occurs be-
cause any excess internal energy from the charge trans-
fer reactions is dissipated rapidly by collision with the
surrounding gas molecules. In the positive ion mode,
proton adduct molecular ions are observed when the
proton affinity of the analyte is greater than that of the
reagent gas (generated from the carrier solvent). In the
negative ion mode, often [M-H]12 and [Mz]12 ions are
observed. Commercial APCI systems generally operate
at high flow rates (300–2000 mL/min). A number of
researchers have developed low flow rate APCI inter-
faces [7], some of which utilized makeup flow to
achieve optimum sensitivity [8,9]. One of these low
flow APCI interfaces utilized an ESI probe with makeup
flow and a heated vaporizer [8]. The desirability and
simplicity of the dual ESI/APCI source, which can
consecutively obtain ESI and APCI spectra in alternat-
ing rapid scans, is contrasted by the recent publication
of an instrument configuration featuring dual parallel
mass spectrometers providing ESI and APCI data si-
multaneously [10].
Experimental
The design of the dual ESI/APCI source and associated
hardware used in its operation is schematically illus-
trated in Figure 1. The commercial mass spectrometer
used for the evaluation of the dual source was a
Micromass Platform II equipped with an API source,
moderate flow rate (1–250 mL/min) ESI probe, and a
corona discharge needle mounted on the API counter
electrode (referred to as the “Pepper Pot”). A necessary
requirement in the operation of the dual source is that
the ESI probe and corona discharge needle be in place at
all times. Two high tension BNC connectors are pro-
vided on the source housing for operating the source in
either the ESI or APCI mode. In the ESI mode, a high
voltage is placed on the stainless steel capillary of the
ESI probe, while, in the APCI mode, a high voltage is
placed on the corona discharge needle. A control box
was placed between the high voltage power supplies
Figure 1. Schematic diagram of the dual ESI/APCI source with ESI probe and APCI corona
discharge needle and block diagrams illustrating the high-voltage power supplies, the nitrogen tanks
for the drying and nebulizing gases, the heater controller for the nebulizing gas, and the HPLC pump.
All the switches illustrated are individually programmable from the mass spectrometer data system.
1197J Am Soc Mass Spectrom 1998, 9, 1196–1203 DUAL ESI/APCI SOURCE
and the two input BNC connectors of the instrument to
permit either manual or automatic selection of the
voltages for the ESI and APCI techniques. The Micro-
mass high voltage supply is T’ed between the two BNC
ports or alternatively two separate power supplies
[Micromass’ and Glassman High Voltage, Inc. (White-
house Station, NJ, Model MJ30P400-11)] independently
deliver high voltage to the two BNC ports. When the
manual mode is selected, the appropriate voltages are
operator selectable for either ESI only, APCI only, or
mixed ESI/APCI. In the automatic mode, control sig-
nals (relay contact closures) from the Micromass Mass-
Lynx NT Data System are programmed to control and
select the techniques of operation, viz., ESI only, APCI
only, mixed ESI/APCI, or ESI/APCI alternatingly. The
control box contains a multilevel rotary switch (Elec-
troswitch, Raleigh, NC, Model No. D4C0412N) and a
number of high voltage switching relays (Potter and
Brunfield, Princeton, IN, Models No. 12HV1A-100 and
No. 12HV1B-100) for directing and applying the appro-
priate voltages.
The nebulizing and drying gas is nitrogen, delivered
at ;0.2 and ;5 L/min, respectively. The temperature of
the nebulizing gas was controlled by a programmable
gas heater/controller (Analytica of Branford, Branford,
CN, Model 101101), which received on and off control
signals (contact closures) from the Micromass MassL-
ynx NT Data System. The nebulizing gas heater is
mounted on the rear end of the ESI probe.
A Hewlett-Packard 1100 high-performance liquid
chromatography (HPLC) system equipped with a high-
pressure binary pump and a Hewlett-Packard 1050
Autosampler was used to introduce samples by flow
injection (10 mL) into the mass spectrometer at solvent
flow rates of 50–100 mL/min. The carrier solvents
evaluated were mixtures of acetonitrile:water.
Mass spectra were generated by acquiring 10 scans
for each ionization mode evaluated with an interscan
delay of 0.1–0.2 s over the mass-to-charge ratio range of
100–1500. The total duration of data acquisition was
about 3 min for a carrier solvent flow rate of 50 mL/min.
The first three scans were background spectra and scans
4 through 10 were foreground spectra. Data were
combined, background subtracted, smoothed, and base-
line subtracted to produce the final spectra.
The source conditions evaluated were ESI capillary
voltage, APCI corona discharge needle voltage, counter
electrode lens voltage, cone voltage, source tempera-
ture, and nebulizing gas temperature. The effect of
HPLC carrier solvent composition on the ESI and APCI
spectra was also studied.
Automation
Software packages were provided with the MassLynx
NT Data system to control the mass spectrometer and
HPLC systems. Two systems were available for control-
ling the mass spectrometer operating parameters and
are referred to as the “Sample List” and the “Open
Access” modes. The positive or negative high voltage
source polarities can be switched in both modes. How-
ever, the source tuning parameters for individually
optimizing ESI and APCI were only switchable for each
sample in the Open Access mode, but not switchable in
the Sample List mode. Therefore, in the Sample List
mode a single set of compromised tuning parameters
were used when switching between ESI and APCI. The
HPLC controller was used to program the carrier sol-
vents used for ESI and APCI, the timing of the contact
closure signals feeding the relays for controlling the
high voltages for the electrospray capillary and the
corona discharge needle, and for turning the nebulizing
gas heater on and off.
Materials
A variety of samples considered weakly polar were
used in the evaluation, viz., methyl stearate (MW 298),
4-bromo-2-fluoro-6-nitroanisole (MW 249), methyl
oleate (MW 296), methyl linoleate (MW 294), androstane-
diol (MW 292), anthraquinone (MW 208), and benzo-
phenone (MW 182). A number of compounds consid-
ered moderately polar and not very thermally stable
were also used, viz., ampicillin (MW 349), cefixime
(MW 453), rapamycin (MW 913), triamcinolone acet-
anide (MW 434), tetracycline (MW 444), reserpine (MW
608), raffinose (MW 504), and ubiquitin (MW 8565).
Also analyzed was 4-nitrophenol (MW 139). All sam-
ples were purchased from commercial vendors.
Results and Discussion
To determine the overall feasibility of operating the
dual ESI/APCI source, the electrical properties of the
dual source were first evaluated. After demonstrating
the operability of the system, further testing was under-
taken to differentiate between the behavior of the
source when the nebulizing gas was at ambient and
elevated temperatures. In these evaluations, the refer-
ence point was the normal ESI mode because the ESI
source, ESI probe, and preferred ESI carrier solvent of
acetonitrile:water were used in the APCI mode of
operation. The only departure from the normal ESI
mode was the permanent addition of the APCI corona
discharge needle to the API source.
Electrical Behavior of the Dual ESI/APCI Source
When the ESI capillary probe tip was about 2 mm or
more away from the corona discharge needle, there was
no observable attenuation of the ESI signal relative to
when the needle was absent, or whether the needle was
freely floating or at elevated voltage. Likewise, in the
APCI mode, sensitivity was similar whether the ESI
probe capillary was freely floating or at elevated volt-
age. In the APCI operating mode, no loss in signal was
observed when the ESI probe was grounded. These
observations demonstrated that the dual ESI/APCI
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source can operate in either the ESI or APCI modes as
well as simultaneously in a mixed ESI/APCI mode. In
addition, this behavior of the dual ESI/APCI source
was independent of the origin of the high voltage
whether from a single power supply for both ESI and
APCI or from two independent power supplies. The
only electrical condition that failed to produce a signal
was in the ESI mode when the corona discharge needle
was grounded.
Operation of the Dual ESI/APCI Source
When operating the dual ESI/APCI source in only one
ionization technique or alternating between ionization
techniques, the source tuning should be optimized for
each ionization method by individually adjusting the
source voltages but floating either the ESI capillary or
corona discharge needle for the ionization technique
not in use. In the mixed ESI/APCI mode of operation, a
compromised operating mode was generally used so
that both ESI and APCI function simultaneously. The
most significant parameter controlling the behavior of
the dual ESI/APCI source was the temperature of the
nebulizing gas. We will separately describe the opera-
tion of the source when the nebulizing gas is main-
tained at ambient temperature and at elevated temper-
atures.
Operating variables with nebulizing gas at ambient temper-
ature. When the nebulizing gas was at ambient tem-
perature, one of the most critical parameters for obtain-
ing quality APCI spectra was the source temperature,
which has to be elevated because best quality APCI
spectra were obtained from samples in the gas phase.
On the other hand, ESI works well at ambient temper-
ature because useful spectra were generally obtained
when the sample was sprayed as a mist. All measure-
ments that utilized nebulizing gas at ambient tempera-
ture were made with carrier solvent flow rates of 65
mL/min corresponding to low flow rate ESI and APCI.
Effect of carrier solvent. The weakly and highly
polar samples were analyzed by APCI and ESI in a
variety of water:acetonitrile (W:ACN) carrier solvent
mixtures at a source temperature of 150°C. The weakly
polar materials produced excellent quality APCI spec-
tra with pure ACN and reasonably good quality spectra
with 1:3 (v/v) W:ACN but did not produce ESI spectra.
The polar materials produced ESI and APCI spectra in
1:1 and 3:5 (v/v) W:ACN. With source temperatures
greater than 150°C, a compromise carrier solvent com-
position for both ESI and APCI is 1:3 (v/v) W:ACN for
most compounds.
Effect of source temperature. The weakly polar
samples were analyzed by APCI as a function of source
temperature (120–200°C) using acetonitrile as the car-
rier solvent. Signal intensity rose with increasing tem-
perature, but at 140°C a moderately intense APCI signal
appeared. The moderately polar, more thermally unsta-
ble compounds were analyzed by ESI as a function of
source temperature (80–200°C) using 1:1 (v/v) W:ACN
the carrier solvent. Signal intensity remained essentially
constant over the temperature range.
Source voltages. Optimum voltages for APCI were
3600–4000 V/0–0 V/20 V (corona discharge needle/
counter electrode/cone) and for ESI were 3250 V/250
V/20 V (capillary/counter electrode/cone), respec-
tively. APCI does not work using the optimum ESI
voltages, however, ESI works well using the APCI
voltages, but the solvent and background ion intensities
increase relative to the optimum ESI condition. These
signals can be removed by background subtraction.
Sensitivities in the ESI/APCI alternating and mixed
modes. The ESI/APCI alternating mode of data acqui-
sition affords an opportunity to routinely compare the
sensitivity of a sample in both the ESI and APCI modes.
In most instances, for moderately polar compounds, the
APCI mode was found to be less sensitive than the ESI
mode. The degree of insensitivity of the APCI mode
was highly sample dependent but often tended to be
between 10 and 100 times less sensitive than the ESI
mode. Moderately polar samples analyzed by ESI and
mixed ESI/APCI generally produced spectra with sim-
ilar responses.
Operating variables with nebulizing gas at elevated temper-
ature. APCI relies on the formation of a sustained
corona discharge to produce chemical ionization. This
corona discharge was generated by the application of a
sufficiently high voltage to a region of hot vapor or fine
mist at atmospheric pressure. Using the commercial
APCI probe supplied with the instrument [11], any
large reduction from the optimum conditions has a
dramatic effect on the quality of the APCI spectra.
Reducing the thermal energy supplied to the analyte
and carrier solvent increases solvent clustering. Like-
wise, reducing the quantity of material delivered to the
corona reduces the degree of chemical ionization. How-
ever, by applying the heat directly to the nebulizing gas
before the ESI probe body, sufficient energy was trans-
ferred to the spray to enable formation of a sustained
corona discharge at the low flow rate of 50 mL/min. The
heat capacity of the ESI probe is relatively low and
therefore the temperature of the sample can be easily
controlled by raising and lowering the temperature of
the nebulizing gas heater. By programming the gas
heater/controller, it was possible to switch from ESI at
ambient temperature to APCI at elevated temperature
and back again with a delay time of about 30 s. ESI
works well with nebulization at ambient temperatures
and relatively low source temperatures.
Effect of source temperature. The source has a high
heat capacity and to raise and lower the source temper-
ature rapidly would be difficult. The source tempera-
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ture was optimized for ESI and then was optimized for
APCI by raising the nebulizing gas temperature. Under
these conditions, source temperatures of 80, 90, and
120°C were evaluated. The best operating temperature
was found to be 90°C. At this temperature, sample
degradation was minimized, chemical background va-
porizing off the counter electrode was reduced, and the
source temperature was constant when switching from
ESI to APCI.
Nebulizing gas temperature and carrier solvent
flow rate. The nebulizing gas temperatures studied in
the APCI mode were ambient temperature, 150, 200,
and 250°C. Optimum sensitivity for methyl stearate
occurred at 200°C. Plasticizer background, originating
from the Teflon tubing connecting the heater and ESI
probe, was present (m/z 391, 279), which decreased
with time. Plasticizer signals were very intense in APCI
and less intense in ESI.
Flow rates of 50 and 100 mL/min were evaluated
with a source temperature of 90°C in the APCI mode. At
100-mL/min flow rate and with nebulizing gas temper-
atures of 200 and 250°C, the sensitivity for methyl
stearate was low and the spray was misty (wet). At
50-mL/min flow rate and with nebulizing gas temper-
atures of 150 and 200°C, the responses for methyl
stearate were high and nearly equal. Because the re-
sponses were similar, the lower temperature of 150°C
and flow rate of 50 mL/min were chosen as optimum
for the APCI mode. Apparently, at the high flow rate,
methyl stearate was mostly in the condensed state,
while at the low flow rate a high percentage of the
methyl stearate was in the vapor phase, permitting
ionization by proton transfer from the reagent gas to the
analyte.
Recommended operating conditions with nebulizing gas at
elevated and ambient temperatures. The dual ESI/APCI
source behaves identically to the individual sources that
it replaces with the added benefit of switching rapidly
into either the ESI, APCI, or mixed ESI/APCI tech-
niques. Two conditions considered for operating the
dual ESI/APCI source are referred to as the “opti-
mized” and “compromised” modes. The optimized
mode is where the lens voltages, source temperatures,
carrier solvents, nebulizing gas, and drying gas are
individually optimized for ESI and for APCI. The
compromised mode is where each of the parameters for
ESI and APCI are identical but optimum when operat-
ing in the mixed ESI/APCI mode. In all cases, the flow
rate for the carrier solvent was optimized at 50 mL/min.
Optimized mode. The ESI mode produced optimum
spectra for highly polar compounds using 1:1 (v/v)
W:ACN as the carrier solvent. The optimum source
voltages were 3250 V/250 V/20 V (capillary/counter
electrode/cone). Best spectra were obtained with the
nebulizing gas at ambient temperature and the source
at ;90°C. The APCI mode produced optimum spectra
for weakly polar compounds using 100% ACN as the
carrier solvent. The optimum source voltages were
3600–4000 V/0.0 V/20 V (corona discharge needle/
counter electrode/cone). Best quality APCI spectra
were obtained with the nebulizing gas at ;160°C and
the source at ;90°C. In the absence of nebulizing gas
heating, best spectra were obtained when the source
was maintained at 200°C, the maximum programmable
temperature.
Compromised mode. The compromised carrier sol-
vent composition for both ESI and APCI was 1:3 (v/v)
W:ACN and the compromised source tuning parame-
ters were 4000 V/0.0 V/20 V (corona discharge needle
and/or capillary/counter electrode/cone). Best quality
compromised spectra were obtained with nebulizing
gas at 150°C and the source temperature at 90°C, or
without nebulizing gas heating (i.e., at ambient temper-
ature) with the source at 160°C. At these compromised
source and nebulizing gas temperatures, the spray was
observed to be a mixture of mist and vapor that appear
to be necessary for producing compromised ESI and
APCI spectra.
Examples of applications of the low flow–dual ESI/APCI
probe. Comparison of methyl stearate APCI mass
spectra produced using the commercial APCI probe
and the low flow–dual ESI/APCI probe. APCI mass
spectra from 1 nmol introductions of methyl stearate
using 50 mL/min flow rate of ACN carrier solvent are
compared in Figure 2. Figure 2A shows the spectrum of
methyl stearate obtained using the commercial APCI
probe operating at 200°C with the source at 150°C and
Figure 2B the spectrum obtained using the dual ESI/
APCI probe operating with the nebulizing gas at ambi-
ent temperature and the source at 200°C. Note that both
spectra have similar responses and similarly exhibit
abundant [M1H]11 ions at m/z 299 as well as [M1H1
ACN]11 addduct ions at m/z 340. These spectra dem-
onstrate that there is insufficient energy transfer to the
sample to fully desolvate the molecular ions under
these conditions.
In contrast, the spectra obtained at flow rates of 50
mL/min using the commercial APCI probe operating at
400°C with the source at 150°C (Figure 2C) and the dual
ESI/APCI probe with the nebulizing gas at 200°C and
the source at 90°C (Figure 2D) both exhibit only [M1
H]11 ions at m/z 299. These latter spectra demonstrate
that, at low flow rates, the dual ESI/APCI probe very
efficiently transfers energy from the heated nebulizing
gas to the analyte and carrier solvent (reagent gas),
thereby producing high-quality APCI spectra, [M1
H]11 ions without solvent adducts, at lower tempera-
tures than the commercial APCI probe.
These results are consistent with the fact that the
commercial APCI probe was designed for high flow
rates (300–2000 mL/min) and consequently works more
efficiently at high temperatures, while the probe with
the dual ESI/APCI source produces comparable spectra
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at lower flow rates and lower temperatures. Note that
the compromised ESI/APCI source conditions were
used to obtain the spectrum in Figure 2D, which ac-
counts for the low molecular ion intensity relative to
that obtained with the commercial APCI probe operat-
ing at 400°C (Figure 2C). Elevating the source temper-
ature above the compromised ESI/APCI source setting
of 90°C rectifies this situation.
Automated alternating ESI and APCI data acquisi-
tion in the positive and negative ionization modes for
mixture analysis. Figure 3 shows the spectra from a
four-component mixture obtained by using the dual
ESI/APCI source in the compromised mode with
source and nebulizing gas temperatures of 90 and
150°C, respectively. The source potentials in the posi-
tive ionization modes were 3700 V/200 V/35 V (capil-
lary and corona discharge needle/counter electrode/
cone) and the carrier solvent was 4:6 (v/v) W:ACN
containing 0.025% formic acid. For the negative ioniza-
tion modes, the polarities were reversed and the cone
voltage was set to 220 V. Sample details are given in
the caption for Figure 3. Data were acquired automati-
cally by cycling through positive ESI, negative ESI,
positive APCI, and negative APCI, in that order. Each
scan was 4.4 s in duration with an interscan delay of
0.2 s, as used in the normal mode of operation, i.e., it
was not necessary to increase the interscan delay to
allow for switching between ionization modes. A total
of 10 cycles were acquired over a total time of 3.1 min.
The combined and background subtracted spectrum for
each ionization mode is illustrated in Figure 3A–D. The
positive ESI spectrum (Figure 3A) exhibited abundant
peaks for ubiquitin and weaker peaks for methyl stear-
ate, while the positive APCI spectrum (Figure 3B)
exhibited peaks principally for methyl stearate. The
negative ESI spectrum (Figure 3C) exhibited abundant
peaks only for 4-nitrophenol, while the negative APCI
spectrum (Figure 3D) exhibited abundant peaks for
4-nitrophenol and 4-bromo-2-fluoro-6-nitroanisole.
Figure 2. Comparison of APCI mass spectra for 1-nmol injections of methyl stearate (MW 298): (A)
Using the commercial APCI probe at 200°C and source at 150°C; (B) using the dual ESI/APCI probe
with nebulizing gas at ambient temperature and source at 200°C; (C) using the commercial APCI
probe at 400°C and source at 90°C, and (D) using the dual ESI/APCI probe with nebulizing gas at
200°C and source at 90°C. Tuning parameters were 3600–4000 V/0.0 V/20 V (corona discharge
needle/counter electrode/cone). Carrier solvent was 100% ACN with a flow rate 50 mL/min. Nitrogen
flow rates for nebulizing and drying were ;0.2 and ;5 L/min, respectively.
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These observed spectra are consistent with the known
spectral properties of the compounds and demonstrate
the rapidity and ease of obtaining spectra in all the
possible ESI and APCI ionization modes using the dual
ESI/APCI source. An interesting feature of the dual
ESI/APCI source, when operating in the APCI mode at
low flow rates, is that as the nebulizing gas temperature
is lowered, the APCI spectrum takes on features of the
ESI spectrum, as illustrated by the presence of weak
ubiquitin multiply charged peaks in the APCI spectrum
(Figure 3B).
Automated mixed ESI/APCI data acquisition in the
alternating positive and negative ionization modes for
mixture analysis. The four-component mixture, de-
scribed above, was analyzed by mixed ESI/APCI with
automatic switching between the positive and negative
ionization modes. All the experimental conditions were
similar as in the section above except that each scan was
9.9 s in duration. The combined and background sub-
tracted spectrum for each ionization mode is illustrated
in Figure 4A, B. The mixed ESI/APCI spectrum in the
positive ionization mode (Figure 4A) exhibited peaks
for ubiquitin and methyl stearate, while in the negative
ionization mode (Figure 4B) exhibited abundant peaks
for 4-nitrophenol and 4-bromo-2-fluoro-6-nitroanisole.
These observed spectra are consistent with the combi-
nation of the absolute abundances for each of the
individual components appearing in the positive-mode
ESI and APCI spectra (Figure 3A, B) and in the nega-
tive-mode ESI and APCI spectra (Figure 3C, D).
Conclusions
Advantages of the dual ESI/APCI source for flow
injection analysis are the ability to switch rapidly into
ESI, APCI, or mixed ESI/APCI techniques for the
analysis of either positive or negative ions without
breaking vacuum or modifying the hardware. The most
efficient method of operation is to keep the nebulizing
gas at ambient temperature for ESI and at elevated
temperature (150–200°C) for APCI while maintaining
Figure 3. Automatically acquired spectra of a four-component mixture using the dual ESI/APCI
source by cycling through each of the possible positive and negative ionization modes and combining
the respective data. (A) Positive ion ESI spectrum. (B) Positive ion APCI spectrum. (C) Negative ion
ESI spectrum. (D) Negative ion APCI spectrum. Each scan was 4.4 s in duration with an interscan
delay of 0.2 s and a total of 10 cycles were acquired over a total time of 3.1 min. The mixture consisted
of bovine ubiquitin (M1 8565), methyl stearate (M2 298), 4-nitrophenol (M3 139), and 4-bromo-2-fluoro-
6-nitroanisole (M4 249). One hundred pmol of each component were injected.
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the source temperature at 90°C. Switching between
optimized nebulizer temperature conditions for the
analysis of individual samples in either the ESI or APCI
techniques is routine. However, rapid temperature
switching for alternating ESI/APCI scans is presently
restricted due to the 30-s delay between achieving the
desired temperatures. HPLC carrier solvent flow rates
of ;50 mL/min are recommended and optimum sol-
vent composition for ESI is 1:1 (v/v) W:ACN and for
APCI is pure ACN. Ideally, when switching between
ESI and APCI, the solvent systems should also be
rapidly switched to the recommended optimized con-
ditions. The rapid solvent switchover capability was not
feasible with the HPLC system presently used because
of the large dead volumes in the HPLC autosampler
(;200 mL) and the HPLC pump (;600 mL). Therefore,
when switching rapidly between ESI and APCI or in the
mixed ESI/APCI mode, a compromise solvent system
composition of about 1:3 (v/v) W:ACN has been found
to work best in most cases. Presently, we are evaluating
a number of methods to rapidly switch carrier solvents
from the ESI to APCI techniques and vice versa. These
include reducing the dead volume of the HPLC system
to less than 25 mL, switching the carrier solvent imme-
diately after the data has been acquired for the previous
sample but before the present sample has been injected,
delaying the injection of the desired sample until the
proper carrier solvent has reached the injector, and
using two independent pumping systems, each with the
appropriate carrier solvent for the respective ionization
mode. Presently, additional procedures for optimizing
the sensitivity of the dual source are being evaluated
that include the use of different solvent systems other
than acetonitrile:water (e.g., methanol:water, pure
methanol) and the use of different solvent flow rate
programs. Future applications of the dual ESI/APCI
source will include liquid chromatography mass spec-
trometry using narrow bore columns (1 mm i.d.) with
carrier solvent flow rates of 40–60 mL/min and with
wide bore columns (4 mm i.d.) with a post column
splitter to reduce the flow into the mass spectrometer to
50 mL/min.
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Figure 4. Automatically acquired spectra of a four-component mixture (see Figure 3 caption for
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